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Intermediate polar EX Hydrae
i

spin — 4022 sec (Mauche et al. 2009)
P_. = 5895 sec (Mumford 1967)
D = 64.5 pc (Beuermann et al. 2003)

My = 0.48 M, (X-ray line ratio, Fujimoto&Ishida 1997)
= 0.42 M, (X-ray, Yuasa et al. 2010)
= 0.79 M, (Opt&IR, Beuermann & Reinsch 2008)

L = 5.8x10°! ergs sec’! (Pekon & Balman 2010)
cf. typical IP V1223 Sagittarii
: L = 1.3x10%*ergs sec! (Hayashi et al. 2011)
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Partial eclipse

*Partial eclipse depth *Energy vs Eclipse deg th
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Suzaku observation
2007 Jul 18th-21th

*Normalized light curve
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Folded light curve with P_ .,

0.1-1 keV (XIS)
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Energy dependence
of eclipse depth

*Energy vs Eclipse depth to average
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Inconsistent with model /

Accretion

Preferentially occult hot part Cool

""""""""""""""""""" Coolin
Ho/t‘ 2

/

Monotonically deeper 1n higher enegy (Before Suzaku)
However,
Shallower above 7 keV (New) — Not consistent

EX Hya : low accretion — low density — weak cooling
—>




Standard accretion column

*Mass continuity equation eInitial condition :

d 2 free fall & strong shock
d—Z(PU) = O (At top of accretion column)

a . specific accretion rate vo = 0.254/2G Mwnp / 2o,
g cms 1] —>key
Momentum equation

*Boundary condition :
soft landing

*Ideal-gas law v =0 at WD surface

p— pkT Cropper et al. (1999)
umgy Suletmanov et al. (2005)




a of EX Hydrae

°Assumpt10n "7 Absorption
=0.79 M, .o ~ (“phabs”,
RWD =7.07x108 cm : Ny, =2.8%1022 cm?)
D =64.5 pc (Opt&IR)

f=0.01
(Rosen et al. 1988) E

f: fraction of
accretion area

auss:ién
(Eel KG) Multi-temp thin therm#a
A o\

- (“cevmkl’, T, = 22.1

e Accretion rate
Model fit —
L, = 2.2%X10% ergs s

Energy (keV)

*Specific accretion rate

M = 4nR,, af

—M=16x10"5 g .-a~0.02 g cm’?s’!




Accretion column with various a
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Cause of eclipse behavior
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Summary

*With Suzaku, we observed eclipsing IP EX Hydrae,
which 1s very low accretion system.

*Eclipse in EX Hydrae 1s deeper in higher energy
below 7 keV and shallower above 7 keV.

*Energy dependence of eclipse can not be explained
by simple-cooling accretion column.

*In low accretion rate IP including EX Hydrae,

energy input overcomes cooling and the hottest peak emerge
in the middle of accretion column.

*With occultation of properly hot top of accretion column,

energy dependence of eclipse can be explained.
(Qualitatively)










Introduction

Depth < 50% of average — occult only one pole

0.78%£0.17 Mo (Hellier 1987)
0.4-0.7 Mo (Beuermann 2003)
0.91£0.05 Mo (Belle 2003)
0.5 Mo (Mhlahlo et al. 2009)

7.7e-11 at 1-10 keV (Suzaku, 2007)
1.3e-10 at 1-10 keV (Ginga, 1988)




Introduction

Cataclysmic variable

Main sequence star
or ~ 1019 ¢cm
Red giant

White dwarf (WD)

Progenitor of [ Dwarf novae ‘

Novea
Supernovae (Ia type)| Chemical evolution

Source of | Galactic ridge X-ray emission (Yuasa et al. 2010)
Cosmic ray (Terada et al. 2008)




Possibility of non-equibilium
Low density — Non-equibiliumn ?
(At top of accretion column)
nt, .~ 3x10'! s cm3
nt... ~ 1x1012 s cm™ (Masai 1984)

n.density
t. .. electron-proton equibilium time scale
t.. . ionization equibilium time scale
0=1.6x10"cm?3
= [ti_e ~ 2X1073 s l — instant equilibrium
£ xS
Free fall velocity ~ 5x103 km s!
—non-equibilium region of accretion column

<5km <0.1% of Ryp
(even if less density by 1 order — 1% of Ryp)




Intermediate Polar (IP)

IP : Subclass of cataclysmic variable
, uence star

White dwarf (W
10°<B< 107G

-~

~100cm

http://apod.nasa.gov/apod/ap060521.html
[Mlustration Credit & Copyright: Mark Garlick

Source of | Cosmic ray (Terada et al. 2008)
Galactic ridge X-ray emission (Yuasa et al. 2010)




Accretion column in EX Hya
a=1 gecms'

Sule1manov et al. 2005) Accretion column
Yuasa et al. 2010 temperature distribution

=1
M = 47 R2% naf
EX HYA :a~ g cm?s! I Max temperature
[assuming f=0.002 ]

down -

My = 0.79 Mo .

Low density — Weak cooling 1\
—> Need longer time Middle 1s hottest

to release energy (/' Accretion column
— Accretion column stretch ' stretch

— Max temperature down | e

e

— Enegy input overcome

energy output
b 0 0.1 0.2

Accretion column height (R

WD)




Accretion column with various a

Accretion column temperature distribution with
a=100-1-2-3-9 o cm?s! (assuming My = 0.79 Mo )

AT BT B W T |

..M 2 A0 A 80

)cculted

1073 0.01 0.1
Accretion column height (R

1

WD)

a < 0.1, hottest peak

Jlemerge in middle column
il1f properly hot

tlcolumn top 1s occulted
il—

(qualitatively)

Max temperature
down to 23 keV

: —>

A(Under assumption that

Shock close to WD)




Possibility of non-equibilium
Low density — Non-equilibrium ?
(At top of accretion column)
nt.,~ 3x101" scm™ (Masai 1984)

n : number density
t. . . electron-proton equilibrium time scale

o0=1.6x10"cm?3

— ¢~ 2x103 s — instant equilibrium
Free fall velocity ~ 5x10° km s!
(with My, = 0.79 Mo, Ryp = 7.35%X108 cm )
—non-equibilium region of accretion column
~ 1km <
(even 1if less density by 1 order — 1% of Ryp)
= of accretion column structure

1.e. almost sitmple cooling flow




Suzaku observation

2007 Jul 18th-21th
“Normalized light curve Variable synchronized with P ;,
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What 1s wrong?

*Geomery of eclipse?
Deeper eclipse 1in intense WD spin phase (Obsevation)
— Agree with accretion curtain model (Rosen et al. 1988)
which 1s widely accepted — Natural

*Lack of extra absorption or scattering of occulted X-ray?
— Monotonically deeperin-higher energy

: — No need
In higher energy,

weaker absorption
<[ and scattering

Observer — Deeper in higher energy

Absorbed or scattered

lOcculted zone




Density of accretion column

Averaged

e Model fit (phenomenally) :
Photoelectric absorption
(Ny = 2.8x10% cm™)
_|_

Multi- temperature thin thermal
plasma (7. . = 21.1 keV)
+

& max

Gaussian (Fluorescent Fe K «)

Assummg MWD =1 79 Mo, Ryp =17. 35%108 cm (Opt&IR)

(f: fraction of accretion area’
— Using f = 0.002 of XY Ari
Post-shock plasma velocity| | (Hellier et al. 1997) |

=1.36x10° i/ ) /|00 g cm3
kms™ . =1.5x1014 cm




Scenario of echpse

Ishida et al. (1994)
Monotonically deeper eclipse
in higher enegy — OK
But, decrease of depth above 7 keV
— can not be expained_

Accretion
columns

@ <

Observer
Preferentially occult hot part

Accretion
curfamn




What 1s wrong?

*Geomery of eclipse?
Deeper eclipse 1n intense WD spin phase (Obsevation)
— Agree with accretion curtain model (Rosen et al. 1988)
which 1s widely accepted — Natural
o Weak spin p}{%se_ eIntense spin phase

Shallower ,/\/\138 ¥ Deeper
% eclipse

<[ eclipse
Observer @ @

Occulted
zone




What 1s wrong?

*Geomery of eclipse?
Deeper eclipse 1in intense WD spin phase (Obsevation)
— Agree with accretion curtain model (Rosen et al. 1988)
which 1s widely accepted — Natural

*Structure of accretion column?

EX Hya is low accretion system

— low density — Weak cooling
o




Density of accretion column

Averaged

esaal \odel fit (phenomenally) :

Rl Photoclectric absorption

™ (Ng = 2.8%x10% cm?)
E Multi-temperature thin thermal

plasma (7, = 21.1 keV)
+

max

Gaussian (Fluorescent Fe K «)

Assummg MWD =1 79 Mo, Ryp =17. 35%108 cm (Opt&IR)

(f: fraction of accretion area’
— Using f = 0.002 of XY Ari
Post-shock plasma velocity| | (Hellier et al. 1997) |

M
x103 . — | 6%101%g cm™




Accretion column with various a

Accretion column temperature distribution with

a=100-1,-2.-3,-9 o cm2s1 (assuming My,p = 0.79 Mo )

WERLIEI —~EX HYA: a ~

30

10

[ a=103
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::Z = %801 T .. reduce:

I

- 23 keV

I

Middle
1S hottest

Accretion

column stretch, -
[ — >

10-3 0.01 0.1 | 10

Accretion column height (Ry,)

g cm2s! (with f=0.002)
Low density
—Need longer time
for cooling
— Accretion column stretch
—Max temperature

deduce to 23 keV

-

(Under assumption that
shock close to WD)

Il[~Enegy input overcome

energy output (a < 0.1)

—




Density of accretion column

BNl Viodel fit: .

Rl [Photoelectric absorption

- (Ng = 2.8x10%2 cm™?)
_|_

B |Multi-temperature thin thermal

plasma (7 . = 21.1 keV)
_|..

|Gaussian (Fluorescent Fe K «)

Assuming MWD = 0.79 Mo, Ry =7. 35%108 cm (Opt&IR)

Loi—100 =5.9 x 10%! erg s~ (f: fraction of accretion area’
— WEXSUPSURFTR| |Using £ = 0.002

Post-shock plasma velocity| | (Hellier et al. 1997) |

M
x103 . — | 6%101%g cm™

max




Density of accret1on column

Density 2 - Absorption
o OV = 2.8%10%2 cm?)

P = >
47fR,,, U

Assuming

MW =0.79 Mo
=7.35%x10% cm

(Opt&IR)
f=0.002 .
(Hellier et al. 1997)

[ fraction of L

accretion area Enerey (keV)

»Accretion rate : L, ; = 5.9x103! ergs s1 —M = 4.1x10%4 g 5!

it 2GM
Plasma velocity : v = CMy =1.4x103km s™!
4 RWD x

. 0=1.6x101%g cm?-




Accretion column with various a

L g = 0.03(EX| Hya) ' T ' i e Accretion column
—a=1 max reduce temperature

i ] distribution

1} (assuming

My =0.79 Mo )

is hottest IIEX HYA:
a~0.03 gcm?s!

L a=102

Accretion
column stretch

S Underestimation
o L : S of My
o Aig;etion c(z)‘ﬁllmn heighlt (Ry,p) 1 g 0-79 (Orlglnal)

WD J\Ville) (23 keV)




Intermediate polar EX Hydrae

P_. =4022 sec (Mauche et al. 2009)

spin

P_. = 5895 sec (Mumford 1967)
D = 64.5 pc (Beuermann et al. 2003)

My = 0.48 M, (X-ray line ratio, Fujimoto&Ishida 1997)
= 0.50 M, (X-ray, Yuasa et al. 2010)
= 0.79 M, (Opt&IR, Beuermann & Reinsch 2008)

L = 5.8x10°! ergs sec’! (Pekon & Balman 2010)

cf. typical IP V1223 Sagittarii
: L = 1.3x10%*ergs sec’! (Hayashi et al. 2011)

—>
1 7'202 keV .Error

i o size

— Occultaion of part of

one accretion column Ginga satellite
(Detail in next slide) Ropen et al, (1991)
—1=77.8 deg (Beuermann




